How do human beings make wage comparisons? This paper provides empirical support for an approach suggested by the psychologist Allen Parducci. The paper combines an experimental study with an analysis of data on 16,000 British employees. Satisfaction levels are shown to depend not simply upon relative pay but upon an individual's ordinal rank within a comparison group (for example, whether the individual is 4th or 34th in the wage hierarchy of the company). Moreover, consistent with Parducci's theory, quits in a workplace are higher the greater is the positive skewness of the pay distribution.
"Negatively skewed distributions of events … are the most conducive to happiness… Thus, the contextual theory of happiness differs from the theory of expected utility so popular in economics and decision
analysis." Allen Parducci (1995, p. 102) 
I. Introduction
This paper argues that human wellbeing depends in a special way upon comparisons with others. More precisely, an individual is influenced not just by relative income but by the rank-ordered position of his or her wage within a comparison set (for example, whether the individual is the fourth most highly paid person in the organization, or the thirty-fourth most highly paid). Human beings, in other words, value ordinal position per se.
Economists' formal models rarely consider a role for income rank in utility functions (although Hopkins and Kornienko 2004 is a recent exception, and the idea is also discussed in Layard 1980 and Frank 1985a,b) . Nevertheless, there are natural intuitive arguments. First, if our preferences are strongly shaped by evolutionary biology, it might be expected that rank would be of fundamental importance to humans. For a female who is searching for a mate, for example, the desirability of a male depends on his ordered position --where the ordering is over resources that will be available to offspring --within a hierarchy of possible sexual partners. Second, casual observation of the world suggests that human beings are deeply interested in rankings --over sports outcomes, over incomes as described in newspaper 'rich lists', over even lists of economists (as in repec.org) --to an extent that seems to hard to understand if the sole purpose of rankings is the provision of information. Third, if people care about rank rather than absolute income, this would be one way to rationalize the famous observation of Richard Easterlin (1974) that reported happiness does not rise as a nation becomes wealthier. Moreover, as discussed later, concern about ordinal rank is not exactly synonymous with concern over relative wages (as defined, say, by the individual's income divided by mean group income). Hopkins and Kornienko (2004) and Layard (1980 Layard ( , 2005 point out that behavior and socially optimal allocations are not identical under these two different assumptions.
This paper draws upon a model known as Range Frequency Theory (Parducci, 1965; 1995) . Although unfamiliar to economists and most industrial relations researchers, this makes the theoretical prediction that wellbeing is shaped by the ordinal position of a person's wage within a comparison set of others' wage levels.
As we try to show later, the theory fits the patterns observed in data, and our instinct is that there is much to learn from Parducci's framework.
Textbook economics assumes that utility varies positively with the absolute pay level and negatively with the number of hours worked. Workers like income and dislike effort. This can be expressed as: u = u (w abs , h, i, j) ( 1) where u is the utility gained from working, w abs is the absolute level of wage income, h is hours of work, and the additional parameters are characteristics of the individual worker (i) and the job (j). Much research within psychology has also focussed on absolute, rather than relative, pay levels (e.g. Heneman & Schwab, 1979 Judge & Welbourne, 1994) .
Nevertheless, some researchers have attempted to capture the intuition that relative wages may be an important determinant of utility. For example, Hamermesh (1975) argued that utility might be derived from obtaining wages greater than the average wage of an appropriate comparison group. Rees (1993) discussed a number of informal arguments for the importance of relative wages in determining perceived fairness and wage satisfaction. Clark and Oswald (1996) , using data collected from 5,000 UK workers, found evidence consistent with the idea that utility depends partly on income relative to some reference or comparison income level. Groot and Van den McBride, 2001; Oldham, Kulik, Stepina, & Ambrose, 1986; Patchen, 1961; Ronen, 1986; Taylor & Vest, 1992; Scholl, Cooper, & McKenna, 1987; Tremblay & Roussel, 2001; Tremblay, Sire, & Balkin, 2000; Ward & Sloane, 2000; Watson, Storey, Wynarczyk, Keasey, & Short, 1996) . This way of thinking leads to an expression such as: u = u(w abs , w mean , h, i, j)
where the additional term, w mean , is a reference wage that is taken to be negatively associated with utility. Comparison effects of the type embodied in Equation 2 have been a concern of the social sciences outside economics, most notably in studies of relative deprivation (Runciman, 1966) and in epidemiological research (Marmot, 1994 ).
More recently, it has been emphasised that disutility may stem from discrepancies between the current state and an aspiration level (Gilboa & Schmeidler, 2001; Solberg, Diener, Wirtz, & Lucas, 2002; Stutzer, 2004) . A related idea, that losses and gains are assessed not in absolute terms but in terms of the change from a reference point (such as the current state), has received wide currency in prospect theory (Kahneman & Tversky, 1979 ; see also Munro & Sugden, 2003) . The theoretical implications for economic models of a concern for relative income have also been discussed (for example, in Blanchflower & Oswald, 2004; Bolton, 1991; Bolton & Ockenfels, 2000; Clark, 2000; Corneo, 2002; Corneo & Jeanne, 1997 de la Croix, 1998; Easterlin, 1995; Frey & Stutzer, 2002; Knell, 1999; Ok & Kockesen, 2000 ; for earlier research see e.g. Baxter, 1988; Boskin & Sheshinski, Stadt, Kapteyn, & Van de Geer, 1985; Van Praag, 1968 . A concern for rankbased status might have neurobiological underpinnings or serve an evolutionarily useful informational role (Zizzo, 2002; Samuelson, 2004; Samuelson & Swinkels, 2002) . It should be mentioned in passing that our paper's attempt to employ a psychologically motivated model of rank-dependent satisfaction is consistent with a body of medical research that has been concerned --in part by following longitudinally a sample of British civil servants --with the possible effects of position and inequality upon health (e.g. Deaton, 2001; Marmot, 1994; Marmot & Bobak, 2000; Wilkinson, 1996) .
Although the issue of rank-dependence has received little direct attention in the context of employee satisfaction, some empirical findings have been consistent with a multiple-reference perspective. Ordonez, Connolly and Coughlan (2000) presented evidence that the judged fairness of a salary level was determined by comparisons to more than one referent (cf. also Highhouse, Brooks-Laber, Lin, & Spitzmueller, 2003; Seidl, Traub, & Morone, 2002; Taylor & Vest, 1992) . Mellers (1982) examined how individuals chose to achieve fairness when they were given a sum of money to allocate between hypothetical members of a university faculty. The results demonstrated that the distribution of merit was relevant. Mellers (1986) showed that a concern for rank helped account for judgments of "fair" allocations of costs (taxes). Ratings of happiness also seem to be determined by the skewness of the distribution of events (Smith, Diener, & Wedell, 1989) , and by the shape of nations' income distributions (Hagerty, 2000) . Yet, within the economics literature, little attention is paid to the distribution of gains, losses, probabilities, or risks on the treatment of any individual loss, gain, or probability (although see e.g. Cox & Oaxaca, 1989; Lopes, 1987) .
We now lay out an approach based on Range Frequency Theory, which is due to Allen Parducci of the University of California (RFT: Parducci, 1995) . Later we relate RFT to models of inequality aversion (Fehr & Schmidt, 1999) .
While economists' modelling is traditionally individualistic, Parducci's argument is that context matters, and in a fundamental way. Contextual effects on judgment have been investigated empirically (for example, Parducci, 1965 Parducci, , 1968 1974; 1995; Parducci & Perrett, 1971) . Models of context have begun to be applied in consumer psychology (e.g. Birnbaum, 1992; Brown & Qian, 2004; Hagerty, 2000; Mellers, Ordonez, & Birnbaum, 1992; Niedrich, Sharma, & Wedell, 2001; Smith et al., 1989; Stewart, Chater, Stott, & Reimers, 2003) .
The idea that judgments, for example of a wage, are made relative to a single reference point is reminiscent of Helson's (1964) Adaptation Level Theory. This theory assumes that judgments about simple perceptual magnitudes --such as weights, loudnesses, or brightnesses --are made in relation to the weighted mean of contextual stimuli. While "reference point" models often assume that judgments are made in relation to a mean level of some kind, there is evidence that human beings are influenced by the endpoints and variance of a distribution (see Volkmann, 1951; Janiszewski & Lichtenstein, 1999; Stewart et al., 2003) .
A central idea in Range Frequency Theory is that the ordinal position of an item within a ranking is important. The conceptual issues are illustrated in Figure 1 .
Here the items can be thought of as magnitudes along any continuum (such as prices, wages, probabilities, weights, line lengths).
Consider point X in Figure 1 . How will its magnitude be judged? Point X has the same arithmetical value in distribution A as in distribution B. In both cases, X is the same distance from the mean. It is also the same distance from the mid-point, and from the end points. Simple reference theory, such as that underlying the idea that a worker's utility depends on the ratio of pay to mean pay, then makes a clear prediction. It suggests that people should be indifferent between point X in distribution A and in distribution B. Yet it has been confirmed by empirical observation in a number of settings (e.g. Birnbaum, 1992; Mellers, Ordonez, & Birnbaum, 1992; Hagerty, 2000; Niedrich et al., 2001; Smith et al., 1989 ) that human beings sometimes judge the magnitude of X as lower in distribution A (where X is the second lowest stimulus rather than the fifth lowest one). Analogous considerations apply, in reverse, for a stimulus like that represented by point Y.
Range Frequency Theory was initially designed for uni-dimensional stimuli such as weights, line lengths, or tones. The conceptual model (see Parducci, 1995 , for a review) rests on the idea that feelings triggered by a stimulus are determined by both its position within a range and its ordinal position. This can be expressed as follows.
Assume an ordered set of n items:
Then, if M i is the subjective psychological magnitude of x i , that magnitude is taken to be given by the simple convex combination:
where R i is the range value of stimulus i :
and F i is the frequency value (in the language of Parducci), or, perhaps in more natural terminology, the ranked ordinal position of S I , in the ordered set:
The subjective magnitude of a stimulus is thus assumed by Range Frequency Theory to be given by a weighted average of R and F. It is a convex combination of (a) parameter. In physical judgments in the laboratory, this is often estimated at approximately 0.5. We might hypothesize that an employee's feelings of satisfaction will be governed equivalently within a set of comparison wages (see Seidl et al., 2002, for a related hypothesis).
Various testable ideas can be viewed as being nested within the following utility equation:
where w rank and w range are, respectively, defined for wages as in Equations 4 and 5. In this formulation, w abs and w mean remain in the model. If pure RFT were to govern satisfaction, the variables w abs and w mean would have no influence on u. Smith, Diener, and Wedell (1989) , in a laboratory-based study, found that RFT gave a fairly good account of both overall happiness ratings, and individual event ratings, when the happiness-giving events were drawn from positively and negatively skewed distributions. Hagerty (2000) concluded that, as predicted by RFT, mean happiness ratings were greater in communities where the income distributions were less positively skewed. He found that this effect held both within and across countries. In addition, Mellers (1982 Mellers ( , 1986 concluded that RFT could give a coherent account of the judged fairness of wage distributions. Finally, Highhouse et al. (2003) found that salary expectations conformed to RFT principles, and Seidl et al. The next three sections of the paper test the idea that RFT can be used to understand workers' wellbing using complementary methods: a laboratory-based study (Section II); analysis of self-rated workplace wellbeing using large-scale surveys (Section III); an analysis of quits (Section IV).
II Investigation 1: A Small Experiment
Our first test, Investigation 1, uses wage-satisfaction data from a laboratory setting.
We asked undergraduates --a relatively homogeneous group --to rate how satisfied they would be with wages that they might be offered for their first job after college. The key experimental manipulation was of the distribution of other hypothetical wages said to be offered to their classmates for similar jobs.
In this way, the subjects expressed feelings about each potential wage in the context of a set of other wages. Six different wage distributions were used. There were 11 hypothetical wages in each distribution. Each participant was required to evaluate how satisfied they would be with each pay level.
The wage distributions are illustrated in Figure 2 , while the actual wages used are listed in Table 1 . The first two distributions (A and B, which are here denoted unimodal and bimodal, respectively) are designed to test for rank-dependence, and follow the logic illustrated in Figure 1 . Three wages are common to both distributions (excluding the lowest and highest wages); these are labelled A1 -A3 and B1 -B3.
Points A1 and B1 in Figure 2 are the same distance from the mean. They are also the same proportion up the range from lowest to highest. Thus, according to a simple reference-wage view, A1 and B1 should be given the same ratings. So should A2 and B2. So too should A3 and B3. According to the hypothesis of rank-dependence, in contrast, point A1 will be rated as less satisfying than will B1 (because A1 is the second lowest wage, while B2 is the 5th lowest). The reverse will be true for A3 and B3. Points A2 and B2 ought to receive the same rating in both cases. By design, and F (high range), allow a test of the idea that position up the range is important in determining wage satisfaction. The critical sixth-lowest wage is the same in both distributions, and represents both the mean and the median in each distribution. But in the low-range condition the critical wage is 60% up the range from lowest to highest wage, while it is 40% up the range in the high range condition. A difference in the satisfaction from this critical wage ought then to be unambiguous evidence for a 'range' effect on wellbeing.
Twenty-four laboratory subjects were tested. The results turned out to be so uniform that it was felt unnecessary to extend the results to a larger sample. All subjects were first-year psychology students (17 women and 7 men, mean age=19.0 years). They participated for course credit.
Six rating scales and 66 coloured labels were used. Rating scales were 36 cm long by 4 cm wide strips of paper. On these, a 7-point scale (34 cm long) was drawn, in the centre of the strip. Each scale had seven equally spaced markers indicated (labelled 1-7). No other written information was present on the scale. Small labels were constructed to represent the wages to be rated; annual wages in pounds sterling were printed in a rectangular box on the labels; the top of each label was made in the shape of a pointer. By placing the label's pointer at the appropriate place on the scale, this could be used to indicate the satisfaction rating for the hypothetical wage.
The experimental design was within-subjects, with six levels of annual wage distribution (as illustrated in Figure 2 and described above). Table 1 lists the wage values. A 6 x 6 Latin square design was used.
Participants were tested individually and given written instructions. The task was to state how satisfied they would be with each of 11 hypothetical annual starting salaries. This was, by design, within the context of the other 10 salaries offered to classmates. They were asked to imagine that these were starting salaries offered to similar graduates entering a similar occupation. Subjects were then required to assess the eleven salaries using a 7-point rating scale, with 1 being "least satisfied," and 7 to "most satisfied". After they finished their evaluations, the experimenter measured the chosen positions of the labels. A new rating scale was then provided to participants with a different set of labels for the next distribution.
The results of this simple experiment are shown in Figure 3 . We analysed the data in three ways. First, we examined the overall ability of the RFT model to fit the data. Second, we compared the satisfaction levels assigned to the wages that were common to different distributions. Finally, we embedded RFT within a more general framework, and compared its performance with other extant models.
Our analysis started with the RFT model of Equation 3. We computed the best-fitting parameter estimates. This is akin to fitting standard OLS of satisfaction responses on rank and range as covariates, but where the parameters are constrained to be k and 1-k. There is just one free parameter: the parameter k that specifies the weighting given to the ranking dimension relative to the range dimension. We adopted the conservative procedure of holding w constant for all six distributions;
there was therefore a single value of one parameter to estimate for all 66 data points (11 in each of 6 distributions). The fit, from the pooled estimates, is shown as a solid line in each of the three figures (Figure 3a to 3c). A good match between model and data was also obtained when results from individual subjects were modeled, providing reassurance that the overall fit did not reflect averaging artefacts or the chance selection of a few idiosyncratic participants. The overall R 2 value obtained is .998, and the estimate of k is 0.36. The unusually high R-squared here is somewhat an artefact of the experimental design.
Model-comparison statistics confirmed the importance of both range and rank.
We compared the goodness of fit of the model with and without the k parameter included (Borowiak, 1989) . A restricted model, in which only range influences ratings, produced a significantly less good fit: (χ 2 (1)=241.9, p<.001). So too did a restricted model in which only ranked position influences satisfaction ratings: (χ
2
(1)=169.1, p<.001). The same conclusions obtained whether or not the resulting χ 2 values were adjusted using the Aikake procedure (Aikake, 1983 ).
This method assumes that the psychological magnitudes, prior to assessment, are a linear function of actual wage amount. We explored the possibility that a logarithmic or power-law transformation of the wage variables might instead improve the fit of the model. In neither case, however, did this lead to an increase in the explained variance.
We find other evidence for rank-dependence. The differences in the mean rating of common points in comparative conditions were analysed using ANOVA.
There are three critical wage stimuli for the unimodal and bimodal distributions.
They are the points labelled A1 through B3 in Figure 2 . These points permit a test of the effect of rank when proportion up the range, and distance from the mean, are both held constant. An initial two-way ANOVA on the ratings given to the common points found, as expected, a main effect of point within distribution (F(2,46)=809.17; p<.0001); no main effect of distribution (F(1,23)=0.60; p>.445); and an interaction between them (F(2,46)=124.68; p<.0001). Tests confirmed that --at high levels of significance --the wage of £20.0K was rated as less satisfying when it was the second lowest wage than when it was the fifth lowest wage. Moreover, the wage of £25.6K was rated as more satisfying when it was the second highest wage than when it was the fifth highest.
In the comparison of positive skew and negative skew, £19.5K and £26.1K
were the common salaries in both cases. The range difference between these points and the endpoints was the same in both conditions, but the positions in the rank orders were different. The salary £19.5K is the fifth lowest wage in the positive-skew condition but the second lowest in the negatively skewed condition. Conversely, £26.1K ranks second highest in the positive-skew condition but fifth highest in the negative-skew condition. Because the means of the two distributions were not the same, the distances of the common points to the mean were also different. A 2 x 2 (common points X condition) ANOVA was used, and found the expected main effects of condition (ratings were higher in the positively skewed condition: F(1,23)=159.99; p<.0001) and point (ratings were higher for wages in the positive condition:
F(1,23)=1860.02; p<.0001). The interaction was not significant (F(1,23)=1.0).
Satisfaction levels were consistently higher, at all reasonable confidence levels, in the positively skewed than in the negatively skewed case. This was true for both the lower wage and the higher wage. These results are strongly consistent with RFT.
The single common point for the high-range and low-range conditions can be examined in a similar way. Salary £22.8, which was the mean and the median of the distribution, has the same ranked position in both distributions, but different range values. A paired-sample t-test was used, and the analysis revealed, consistent with the predictions of RFT, that the effect of range was significant: t(23) = 2.435, p< .05
(two tailed). These results are consistent with those of Seidl et al. (2002) who, in a study that came to our notice after the present experiments were completed, demonstrated that RFT gave a good account of experimentally-obtained categorizations of incomes in a hypothetical currency. Yet how well might other models do?
It has been argued that the notion of fairness needs to be incorporated into conceptions of utility (e.g. Akerlof & Yellen, 1990; Fehr & Schmidt, 1999 Levine, 1993; Levine, 1998; Rabin, 1993) . If pay satisfaction depends on perceived unfairness, then models of inequity perception could be applied to the present case.
Given that RFT has already been shown to provide a good fit to fair-salary increases and tax assignments (Mellers, 1982 (Mellers, , 1986 ), the present data provide an opportunity to examine the different predictions of RFT and economic models of inequity as applied to wage satisfaction.
Can economic models mirror the predictions of the psychologically-motivated RFT? Fehr and Schmidt (1999, 2001 ) set out a model of inequity aversion. In intuitive terms, the idea is that utility may be depend on (a) an absolute level of resource x i , (b) the total weight of resources above x i , and (c) the total weight of resources below x i . More specifically, the utility function of individual i earning an amount x i would be:
The first term measures the utility gained from absolute income. The second and third terms measure the disutility that stems from upward and downward inequality (α and β assumed positive). Here the second term, when appropriately normalised, is closely akin to models of relative deprivation of the type used to predict mortality risk (as in Deaton, 2001) according to which relative deprivation is measured by the weight of the income distribution above a particular income (see also Kakwani, 1984; Yitzhaki, 1979) .
Such an approach could be extended. In comparing one's wage x i with others, it seems reasonable to suppose that utility might be gained as a function of the weight of incomes below x i , and lost as a function of the weight of incomes above x i . Then, if the sign of the third term in (7) above is reversed, and α and β are both positive, the The principles embodied in RFT, and those incorporated in the Fehr-Schmidt model, can be seen as special cases of a more general conceptual framework. In intuitive terms, we can distinguish three different ways in which income-derived utility might be rank-dependent.
First, as in the Fehr-Schmidt model, higher and lower wages may be weighted by their difference from x i . Such an approach receives support from the plausibility and empirical success of similar models of relative deprivation.
Second, as in RFT, the mere ordinal rank of x i may matter.
Third, and contrary to the Fehr-Schmidt approach, incomes relatively close to x i may contribute more strongly than distant incomes in determining rank-dependent utility for x i . This idea would be consistent with the considerable weight of evidence suggesting that social comparisons occur with generally similar agents (e.g. Festinger, 1954) and that pay referents tend to be similar (e.g. Law & Wong, 1998) .
We show that these three different approaches can be captured within a single framework as follows. First, note that the rank component of RFT (equation 5) can be rewritten as:
where F i is the frequency value of wage x i and N is the number of incomes in the comparison set. Thus for a fixed comparison set, F i increases linearly with the number of higher incomes (N-i) and decreases linearly with the number of lower incomes (i-1).
A more general extension of RFT (equation 3) can now be written as follows:
where k i is the weighting on the range component (cf. equation 3).
The three models outlined earlier are special cases of equation (8), with particular values of γ corresponding to the particular models. When γ = 0, and α = β, (8) reduces to range frequency theory. 1 Every higher and lower income contributes equally, independently of its distance from the to-be-judged wage, in influencing the overall judgment. When γ = 1, the rank-dependent component of (8) Here we fit our generalized model to the behavior of participants in Experiment 1. In all model-fitting, we assume a constant value of α/β and γ , and fit the model to the mean data.
If γ is set to zero, thereby mimicking RFT but with α/β and w allowed to vary, an R 2 value of 0.998 is obtained. In this case, the best-fitting estimates of α/β and w are 1.02 and 0.36 respectively. Thus, interestingly, the unconstrained estimates of α and β are close to equal as implicitly assumed by RFT.
We next set γ to 1. This allows us to examine the behavior of the model derived from the Fehr-Schmidt approach. An overall R 2 of 0.941 was obtained, and the best-fitting estimates of α/ β and w were 1.04 and 0.61. More importantly, when as here the same parameter estimates are used for all the different distributions of hypothetical wages, the Fehr-Schmidt approach cannot accommodate the qualitative patterns in the data.
Finally, we let γ vary freely. The value of γ was estimated at 0.005 -or in other words very close to the value of zero implicitly assumed by RFT. Estimates of α/β and w were 1.02 and 0.36.
2 1 This is most transparent when α = β = 1. As estimation of both α and β is redundant (equation 8) we estimate α/ β as a single parameter. 2 We also examined the behavior of a model in which the distances between wages prior to transformation by γ were assumed to be given by their ratio rather than by the absolute difference between them. Such a model fits the data equally well. Here, however, we maintain a focus on absolute differences to preserve comparability with the Fehr-Schmidt approach.
Hence it seems that RFT, with its assumption that only the number of higher and lower earners influences utility, offers the most parsimonious account of the data.
III Investigation 2: Wellbeing in the Workplace
Our second test draws on information from actual workplaces and uses a range of wellbeing measures. It is known that satisfaction measures are reliable over time (see Bradburn & Caplovitz, 1965) and correlate with measures of both mental and physical health (e.g. Palmore, 1969; Sales & House, 1971; Wall, Clegg, & Jackson, 1978) .
Furthermore, such measures are correlated with behavior (Clark, 2001; Freeman, 1978; Shields & Ward, 2001 ).
Data were drawn from the United Kingdom's Workplace Employee Relations
Surveys (WERS). The most recent survey was in 1997-1998 (WERS98); this was the first to include employee questionnaires and it is these that provide the data for the research reported here. The data set allows us to match up information on individual workers with information on the plants that employ them.
All places of employment in Britain (including schools, shops, offices and factories) with ten or more employees were eligible to be sampled. Answers were on a five-point scale ranging from 1 (Very Satisfied) to 5 (Very Dissatisfied). A sixth "Don't Know" option was also available. The independent influences upon satisfaction include wage-related variables and background variables (which are included as controls within later regression equations). These background variables, listed in Table 2 , are the age of the worker, the size of the plant, whether the worker is on a temporary contract, the educational level of the worker, gender, race, a union dummy, occupation, industry, region, hours worked by the employee, and the marital status of the employee.
It is necessary to construct a variety of wage measures. The pay variables we test as determinants of wellbeing are: Hence both Rank and Range are defined so as to lie in the unit interval. Finally, w abs and w mean are logarithmically transformed in almost all later cases.
These different measures of pay are, of course, somewhat correlated.
Nevertheless, the large number of observations makes it possible, in practice, to estimate the separate variables' effects. The paper tests whether, with other factors held constant, w rank and w range help to determine workers' satisfaction levels.
We generally worked with data collected from all workplaces that had at least 15 employee-pay observations. The resulting sample contained 16,266 individuals from 886 separate workplaces.
The raw correlations between the main variables are shown in Table 3 . Not surprisingly, workers' reported wellbeing levels are in all but 3 of the 28 cases positively correlated with their remuneration. Four different satisfaction measures are available. These could be combined into a single average, but we decided it would be more transparent not to do so. Within Table 3 , there are also four wage measures.
These are the log of the worker's pay, the log of mean pay in the plant, the worker's rank in the wage ordering, and the range of pay within the plant. Out of necessity, they are calculated within the available sample, and are thus estimates. In other words, the rank and range for worker i are for the sample of workers available within WERS.
Compared to the true model, this means that Rank and Range are measured with error, which will tend to make it harder to find statistically significant effects. The pay measures are intercorrelated, with w abs (log transformed) having a correlation greater than 0.6 with all of w rank , w range , and w mean (log transformed). Interestingly, even in the raw data, w rank is more highly correlated with satisfaction than any other pay measure. For instance, in the case of a sense of achievement, the correlation coefficient is 0.086 with pay rank, compared to only 0.021 with actual pay.
Ordered probit analysis was undertaken. The background measures listed in Table 2 were always included; we do not report the coefficients for these variables, we have checked that in later equations the coefficients can typically be read off in a fairly intuitive way.
After controlling for other factors, does satisfaction depend upon the level of pay? Table 4a shows the results for the largest possible sample. Table 4b gives the results for a restricted sample that excludes small plants. There are four satisfaction equations: for Influence, Pay, Achievement and Respect. Each equation is to be read vertically. In both the full and the restricted sample, absolute pay w abs has a statistically significant effect within the four satisfaction equations. The coefficients are similar in both samples. This preliminary analysis provides reassurance that the restricted sample is representative; subsequent analysis focuses on the restricted sample alone as it was deemed more reliable for analysis of w range and w rank .
Next, we test for comparison effects. Our data are unusually rich in that they allow us to compute the average pay within the workplace. Hence we can do a more direct test than in, say, Clark and Oswald (1996) . The result of adding w mean into the equation is shown in Moreover, it has a positive sign. It is possible that this is the 'ambition' effect of Senik (2005) , namely, that workers are pleased to work somewhere where their pay may rise through future promotions.
To summarize, we find quite strong evidence for a relative-wage effect upon satisfaction. This is true for three of the four measures of reported wellbeing, and after controlling for a set of worker and workplace characteristics. Table 5 therefore adds to an accumulating econometric literature on comparison effects upon wellbeing.
Next, to nest Range Frequency Theory within the framework, the w rank and w range measures are added into the equation. The results are shown in Table 6a . This is the specification for the more general model set out earlier in equation 6.
The results seem quite striking.
In Table 6a , the variable measuring the individual worker's position in the pay ordering w rank works strongly in the equations. It has an independent effect in a way consistent with the hypothesis of rank-dependence. This is perhaps the main contribution of the paper: in both the laboratory and in real-world data there is evidence that ordinal rank matters, and indeed may matter more than the level of pay itself.
The coefficient for w mean in the pay satisfaction equation is, rather unexpectedly, positive. 3 The other three satisfaction measures are, as before, not correlated with w mean . Again, one possible interpretation of the positive mean-wage finding is that workers view themselves as having better prospects in a highly-paid workplace. Future research will have to return to this issue.
In a search for a parsimonious specification, further analysis was carried out, in which the only pay variables were w abs with either w rank (Table 6b ) or w range (Table   6b ). In these, both w rank and w range accounted for significant additional variance beyond that accounted for by w abs and the background variables. It turns out that the Rank variable somewhat outperforms the Range variable.
A further analysis aimed to accommodate the idea that comparison for an individual might take place within the same occupational category. One might hypothesise that two processes are involved in the determination of satisfaction. The first requires that a comparison or contextual set is chosen, while the second process involves the decision about an overt satisfaction rating. Our paper is concerned primarily with the second process, but it is likely that the first process involves some kind of 'similarity-based' sampling. For example, one might include in one's comparison set people of similar age and wage to oneself, those of people in similar occupations, and those who are geographically close (Bygren, 2004; Festinger, 1954; Goethals & Darley, 1977; Law & Wong, 1998; Martin, 1981; Scholl, Cooper, & McKenna, 1987) . According to Kahneman and Miller's (1986) Norm Theory, a stimulus or event is judged and interpreted in the context of an evoked set of relevant stimuli or events that are retrieved (often due to their similarity) by the event to be judged. There is evidence that human memory works in a way that would lead to formation of such a comparison set (e.g. Brown, Neath, & Chater, 2002; Hintzman, 1986; Nosofsky, 1986 ).
The analysis attempted to address this issue. This was done by examining a subset of the WERS98 data that could take into account people's type of work (using Occupational Group codes). We confined analysis to the largest occupational group within an organisation, and used only cases where there were at least 10 employee observations in that largest occupation. This reduced the sample size to 4744 individuals from 373 separate workplaces. The results were essentially identical to those obtained in the larger analyses on groups not differentiated by occupation, although the effect of w range was weaker. Here we report only the final analysesthose that examine, separately, the effects of w rank and of w range when the effects of w abs , are partialled out. The results are in Tables 7a and 7b . It is evident that wage satisfaction, as well as most other satisfaction measures, is independently predicted by w rank . As before, the Rank effect is positive and seems highly robust.
Although the emphasis here has been on whether rank and range have statistically significant effects, their size is also of interest. As one fairly representative example, consider the variable 'satisfaction with achievement'. In this case, a movement in Rank from zero to unity raises quite noticeably the likelihood of being satisfied. The probability of giving either the top or second-top satisfaction answer here increases, holding the other independent variables constant, from approximately 61% to 70%. To put this in perspective, in most specifications the level of absolute pay would have to more than triple to get the same effect.
Some potential criticisms and counter-arguments should be mentioned.
• First, there is no guarantee in these workplaces that workers actually know other people's wage rates. All we can say is that people act as though they are able to form a reasonable estimate of where, as individuals, they lie in the pay ordering and the range. It would be interesting to examine plants and offices with confidential pay scales, and to ascertain whether people want others to be able to see that they are high in income-rank.
• Second, it seems important to understand exactly how a person chooses a reference group. Our paper has little to contribute to this issue. We are forced in our econometric specification simply to assume that the workplace is the comparison set.
• Third, given the sometimes positive nature of comparisons in the pay satisfaction equations, it would be interesting to be able to say more about the lifetime dynamics of pay. Low wages today may be compensated by high wages after promotion tomorrow. More research here will be needed.
• Fourth, we are unable to control directly for job titles, and this kind of 'rank' is likely also to play a role in wellbeing, even though it is unobservable in our data set.
• Fifth, without enormous samples, measurement error is inevitably a problem in the construction of our Rank and Range variables. In this study, probably the best that can be done is to check, as we have done, that the findings go through for sub-samples of small as well as large workplaces.
• Sixth, in principle, it might be that wage variables such as Rank are merely proxying for an omitted non-linearity in the form that absolute pay takes in the wellbeing equations. Our checks with higher-order pay polynomials, however, suggest that this is not the explanation.
• Seventh, it might perhaps be argued that an allowance for additional 'moments' of the pay distribution is bound to improve upon simpler specifications, so that, by Occam's razor, standard models should be preferred. Yet that objection seems to miss the key point. Our data suggest that, when a direct comparison is done, a rank variable strongly outperforms a simple relative-wage variable.
• Eighth, could it be that Rank is merely a proxy for omitted variables like job autonomy, and it is those omitted factors that raise wellbeing?
It is never feasible in empirical research to dispose entirely of this kind of possibility. Nevertheless, the first section of the paper shows that RFT fits the data in an experimental setting where there is no influence from job characteristics like autonomy.
IV Investigation 3: Quits in Workplace Data
Up to this point, the paper has concentrated on reported levels of wellbeing, and has viewed those numbers as providing proxy utility data. Such an approach seems worthwhile in its own right and fits with much recent literature such as Luttmer (2005) . However, to show that RFT also has implications for observable actions, we now estimate labor-turnover equations.
Information on the individual workers who choose to leave is not available within our data set. Hence it is not possible to do a micro-data test on people's labor turnover decisions.
Nevertheless, workplaces do provide data on the total number of quits in the previous year. This makes it possible, by using information on workplace size, to calculate the quit rate per plant. Range frequency theory has the implication that workers will tend to quit more when --following a version of equation 6 --the distribution of wages at the plant produces a low level of utility from the job.
Parducci's view that positive skewness of the pay distribution leads to workers who are more content would predict that a measure of the skewness of wages should be included as a regressor in a quits equation. We construct a test of this sort. After discarding the plants where fewer than 15 workers provided details to the survey, we are left with a usable sample of approximately 900 workplaces. 
where Y i is the ith wage and s is the standard deviation. Its mean value is approximately unity.
Public and private sectors may have rather different kinds of labor turnover processes. There is close to de facto 'tenure' in the British public sector. In Table 9 , the two samples are simply combined, with an intercept-shift dummy for the public sector. The dependent variable is given by answers to the following question: "During the last twelve months how many permanent employees (full and part time) stopped working here, because they...left or resigned voluntarily?".
Column 1 of Table 9 is a highly parsimonious quits equation in which pay, the standard deviation of pay, and skewness of pay are included as the only independent variables. This is not to be thought of as a persuasive general model, but it can be seen in column 1 of Table 9 that quits are lower in high-paying plants. They are also higher where pay is more positively skewed (see coefficient 0.0184 with a standard error of 0.0061). This is consistent with range frequency theory.
Column 2 of Table 9 adds in region dummies, industry dummies, a publicsector dummy, and measure of workplace size. The coefficient on Skewness falls somewhat, from 0.18 to 0.10, and marginally loses significance at the 5% level.
However, a fuller, and arguably the most natural, specification is set out in the third and final column of Table 9 . Here the quits equation allows also for a number of controls of the sort suggested by labor economics --including the proportion of people with occupational pensions, whether the workplace is formally unionized, the proportion of female workers, and two variables that capture the age composition of the workplace. Now the coefficient on the skewness variable is estimated at 0.12.
This coefficient is significantly different from zero at the 5% level. Moreover, on these estimates, the effect that the shape of the pay distribution has upon quits is not trivially small. A one-standard-deviation increase in Skewness here raises the quit rate by a little more than one percentage point per annum. This is close in size to, for example, the effect of a one-standard-deviation drop in the proportion of workers over 50 years of age.
Standard deviation of pay does not enter statistically significantly in the equations, but is retained as a control to ensure that skewness is not standing in for some simpler measure of the second moment of a distribution. Nothing of substance alters by removing the standard-deviation variable from the regressors. We also checked whether various controls for workers' education levels entered the quits equation, but their coefficients were never statistically significantly different from zero. Table 10 gives the equivalent quits equation for private-sector workers alone.
Our sample size is now slightly less than 600 workplaces, and the coefficients are not always precisely estimated. But the broad pattern is the same. Skewness enters in a statistically significant way in columns 2 and 3 of Table 10 . Here the coefficient is approximately 0.02, and again the standard deviation of skewness is approximately unity, so the size of this effect is actually a little larger than in the public-plus-privatesector full sample. Once again, the findings are consistent with a Parducci-style model.
Finally, we experimented with another variable --one for the average value of 'range' within each establishment. This mean range variable worked with the correct sign but its t-statistic was not reliably larger than 2. Our instinct is that skewness here is a better measure theoretically, because it goes some way to capture the fact that it is disproportionately the workers low down a pay distribution who are likely to quit. As explained earlier, skewness is also directly emphasised by Parducci.
V Conclusion
This paper combines laboratory and econometric evidence. It draws three conclusions.
First, human beings do not care solely about their absolute level of pay.
Workers are concerned, the paper shows, with their income relative to remuneration levels around them.
Second, although we uncover some econometric evidence for a simple relative-income formulation in which utility is u = u(pay, relative pay), the main contribution of the paper is an attempt to go beyond this. Using a sample of 16,000 workers from 900 workplaces, the paper argues that ordinal rank has a statistically significant effect upon wellbeing, and that to understand what makes human beings content it is therefore necessary to look at the whole distribution of incomes. The paper appears to be one of the first in the industrial relations and economics literatures to provide evidence for the importance of income rank.
Third, using data on quits, the paper finds evidence that greater positiveskewness is, as Parducci's theory predicts, associated with higher labor turnover. It is natural to think of possible evolutionary motives behind a concern for ordinal position among human beings, but it is currently not possible to say exactly why rank, range and skewness have the effects we observe.
More broadly, the results in this paper suggest that Range Frequency Theory may be important to the disciplines of labor economics and industrial relations. • 'Rank' is the ordinal position of the worker's wage in the hierarchy of wage levels being paid in the workplace.
• 'Range' is the worker's distance along the interval of wages being paid in the workplace.
• Both rank and range are normalized to lie in the unit interval. Each column is a separate satisfaction equation. Ln(pay) is the log of weekly pay. The other controls in the regression equations are as listed in Table 2 . The other controls in the regression equations are as listed in Table 2 . The other controls in the regression equations are as listed in Table 2 Table 6c Wellbeing The other controls in the regression equations are as listed in Table 2 The other controls in the regression equations are as listed in Table 2 The dependent variable is the quit rate in the workplace. The dependent variable is the quit rate in the workplace. 
